collections were analyzed. These materials are complex system made of a multilayered colored 
27
Vibrational spectroscopies, Raman, SERS (Surface Enhanced Raman Spectroscopy) and 28 infrared, were used to analyze some specific parts of these objects, especially organic materials such 29 as lake pigments, binders and varnishes, and some of them were identified. For this purpose, a set of 30 experimental setups and parameters were used according to the samples. The performed analyses were 31 thus done using conventional FT-Raman at 1064 nm, SERS with a 458 nm excitation wavelength, 32 infrared using a micro-ATR mode, and by defining for each technique and each analysed sample the techniques in Paris or Europe [1, 2] . At this time, Paris was a bustling center for technological 56 innovations to produce varnished objects, mainly thanks to four brothers "the Martins" and their 57 descendants [3] . Their productions were initiated to satisfy an increasing taste for Asian lacquers and 58 their decors [4] that were highly imitated using black, red and golden oriental models. The Martin 59 family gave its name to an enigmatic varnish that Watin, in his treatise (1772) "L'art de faire et 60 [3] considers as a white luxurious and 61 glossy varnish made of copal. Then, among the 18 th century, the painters and varnishers developed a 62 totally new French style with a large palette of colors and ornaments using European raw materials 63 and techniques.
d'employer les vernis (The art of making and using varnishes)"
[5]
64
The main existing studies are based on historical and stylistic approaches [6, 7] , thus, the 3 preparation steps, non-destructive -the collected sample can be re-used for further analyses -and 73 finally, the possibility of in-situ analyses with miniaturized portable devices [8, 9] .
74
Raman and infrared (IR) spectroscopies can also be coupled to a microscope allowing the layers with red dye particles and binders, and pure organic layers as varnishes.
84
Red organic dyes have already been successfully identified using Raman and infrared 85 spectroscopies in many contexts: dyed fibers, [10] [11] [12] manuscripts inks, [13, 14] ancient cosmetics, [15] 86 frescoes, [16, 17] paintings, [18] [19] [20] [21] violin varnishes [22] or polychrome sculptures.
[23]
87
These techniques have also highly been employed to characterize natural organic media that can 88 be used in painting layers or vanishes, [24, 25] to differentiate between these materials, [26] [27] [28] or to study 89 the ageing and degradation of such materials. [29] [30] [31] [32] 
90
However, one major issue to Raman spectroscopy when organic products are analyzed is the 91 important fluorescence emission that may hide the Raman features.
[33] Sometimes, fluorescence can be 92 hindered when using a near IR excitation wavelength at 1064 nm for dyes, [16, 34] or other organic 93 media [35] [36] [37] . Some studies show new mathematical developments in order to remove the fluorescence 94 background and get the vibrational features; [11, 38] or new instrumental developments allowing to 95 improve the signal by Resonance Raman Spectroscopy (RRS) [39] . But the mostly used technique to get 96 rid of this luminescence phenomenon is Surface Enhanced Raman Spectroscopy (SERS) [40] with 97 sometimes extraction of the dye, [10, 41] the application of colloids on small samplings [42, 43] , after HF 98 hydrolysis [44] or even directly on the work of art [12, 45] . Several preparation protocols for SERS 99 surfaces are being developed, [46] [47] [48] [49] and new improvements allow now non-invasive in situ study of the 100 works of art using specific gels in which metallic colloids are embedded [50, 51] or using tip-enhanced 101 SERS (TERS) and advanced functionalized SERS-active optical fibers. [52] [53] [54] 
102
IR spectroscopy can be used to get complementary information about the studied materials since 103 it does not generate fluorescence emission. It can be used to characterize binders and minerals in 104 multilayered samples such as painting layers or glazes [55, 56] , or varnish layers using synchrotron 105 radiation [57] [58] [59] . Mathematical developments can also be considered to determine mixtures' 106 components such as first and second derivatives of the spectra [60] , spectral decomposition [61] , or [20] .
130
For this study, we mainly focused on two different commercial references of lake pigments products built on the same chemical skeleton [66] .
149
Copal is a diterpenic resin as well, that have various geographical and so botanical origins.
150
Some are from Araucariaceae sp. trees (Manila copal) with sandaracopimaric and agathic acids as In order to get information on the whole multi-layered system, it was necessary to sample the 162 different museum objects and to work on selected levels. Therefore, samples were collected from 35 163 18 th century painted and varnished objects issued from French Decorative Arts museum collections.
164
Among all these samples, and according to the samples size and shape, 16 could be analyzed using 165 vibrational spectroscopies and only a few were successfully characterized, the others leading to poor 166 quality spectra. They belong to the following objects: a weaving shuttle (inv13377, musée des Arts 
171
For the two former objects, the pink pictorial layers were investigated. Fig. 2 a' ) and b') present 172 the stratigraphy of these two objects, where the pink layers appear to be a mixture of a white pigment 173 with red particles of variable size. Some inclusions of blue grains can also be noticed in these layers.
174
On the weaving shuttle's stratigraphy ( fig. 2 a') ), a strong discoloration is observed on the surface: the 175 pink particles seem absent from the upper part of the stratigraphy. Indeed, these particles are organic 176 pigments which were probably discolored due to a strong lighting. On the commode's sampling ( fig. 2 177 b')), we can observe two different pink layers: the lowest one seems to be the original ornament, and 178 the second was probably applied during a later intervention. 
197
Silver colloids were prepared following the procedure of Lee and Meisel [67] by reduction of 198 silver nitrate with sodium citrate adapted from Van Elslande et al [15] . On samples taken from the two pink objects (weaving shuttle and commode), we observed 234 heterogeneous pictorial layers composed of a mixture of white and deep red spots (see fig. 2 a')) and 235 b')). Each analysis on these samples using Raman or infrared spectroscopy was performed pointing at 236 these red particles.
237
Generally, the complexation of the dye molecule on the inorganic substrate, implied by the 238 making of the lake pigment, involves spectral modifications compared to the pure organic dye 239 spectrum. Since only lake pigments are used in pictorial layers, and to ensure a proper comparison
240
with the museum samples spectra we choose to analyze commercial lake pigments as references,
241
instead of pure dyes.
242
The samples taken from the colored layers of the two pink objects have been first analyzed by
243
Raman spectroscopy using a 458 nm excitation laser. However, the high fluorescence background 244 observed prevents the observation of the Raman features of the lake pigment on each sample. This 245 fluorescence background may be due to the organic dye itself or the organic binder used in the 246 pictorial layer. One of these spectra is shown in fig. 3 a) , in the case of the weaving shuttle red 247 particles.
248
In order to access the most colored areas and avoid the binder contribution to the Raman 249 spectra, the samples were cut using a scalpel. A silver colloids aliquot was deposited directly on the 250 8 sample to produce a SERS effect. This procedure is easily implemented as it does not require any 251 additional preparation treatments. Fig. 3 shows the SERS spectra obtained from samples of the two 252 objects ( fig. 3 b) and c)) and from the two suspected lake pigment commercial references (carmine and 253 madder, fig. 3 d) and e)) analyzed in the same conditions.
254
The spectrum of the weaving shuttle sample has a close similarity to the spectrum of the 255 carmine lake reference, displaying particularly a band at 1109 cm -1 attributed to bond vibrations (C-C 256 and C-OH) of the glucose group of carminic acid ( fig. 3 b) and d) plain dots, see also fig. 1 a) ) [10, 34] .
257
The spectrum obtained from a sample of the commode shows a profile similar to the madder 258 lake reference, and in particular three bands characteristic of the C=C stretching in madder lake 259 skeleton at 1291 cm -1 , 1326 cm -1 and 1355 cm -1 ( fig. 3 c) and e), stars) [10, 34] . Moreover, on this 260 sample, both of the two pink layers (see fig. 2 b')) were analyzed, and exactly same spectra were 261 obtained (not shown here).
262
By using silver colloids and a 458 nm Raman excitation wavelength, we were able to properly 263 characterize by SERS the lake pigments (cochineal and madder) used in the two pink objects. On the 264 commode sample, both original and restoration pink layers were done using same pigment, madder , 1159 cm -1 and 1097 275 cm -1 assigned for the first one to the bending vibration of COH bonds [27] , and for the two other bands On the same spectrum ( fig. 4 a) fig. 2 a') ). The shuttle IR spectrum reveals also a broad band at 1414 cm shown in the stratigraphic view of the sample (see fig. 2 a') ).
290
Most of these results are confirmed by the analysis performed on this sample using FT-Raman between siccative oils [28] and since linseed oil is the most commonly used, an assumption can be made 297 that linseed oil was employed for this painting. [1] The sample Raman spectrum also reveals a strong 298 and sharp signal related to lead white at 1051 cm -1 , characteristic of the CO 3 2-group vibration.
299
Two infrared spectra were obtained from samples taken from the commode (see fig. 4 spectra 300 b) and c)). One of the spectra ( fig. 4 b) Pure organic layers were found at different stratigraphic levels of the multilayered systems: a 314 first thick protective or waterproofing layer for some objects, and a thinner upper varnish for all the 315 studied objects. These two different layers were sampled from the blue silver case (see also fig. 2 c') 316 and c")) and the glass holder (see also fig. 2 d' ) and d")) and analyzed using FT-Raman spectroscopy. show vibrational features, characteristics of natural organic materials [27] . On spectrum a) a heating 322 bump between 3000 and 2500 cm -1 is observed; but the sample does not show any visible damage after 323 the analysis.
324
The spectra were baseline corrected to improve the observation of vibrational features and are 325 presented in fig. 6 a' ) to c'). These spectra were compared to the spectra of two reference media that 326 were highly employed during the 18 th century in Europe for varnishes production: a linseed oil film 327 ( fig. 6 e) ) a colophony resin film ( fig. 6 f) ) and a copal resin film ( fig. 6 g) ). The observed vibrational . [27] 332
However, this data comparison is insufficient to precisely characterize the nature of these two 333 organic compounds and especially to identify which resin was employed for the mixture preparations.
334
It is thus necessary to go further in the data treatment and work on the bands morphology and profile.
335
Indeed a previous study [28] shows that using a spectral decomposition procedure of specific bands can
336
give important and precise information. We chose to work on one specific region, the CH stretching 337 band, for several reasons: it is the most intense band of the spectra, it is observed for all references and 338 museum samples, it presents rather different profiles for the three organic reference compounds, and 339 finally seems to be poorly influenced by the oxidation process that may occur in these materials.
340
Moreover, this band is being more and more used to identify and characterize organic compounds in 341 the cultural heritage field. [26, 28, 31, 63] 342
343
Data treatment: spectral decomposition
344
The spectra were thus cut between 3180 and 2500 cm -1 , and spectral decomposition software
345
(PALME, MONARIS, D. Baron) was used to process the CH band. This homemade software 346 considers the mixture spectra as a linear combination of the pure material ones, so the sum of the pure 347 materials spectra must fit the experimental mixture spectrum. [68] [69] [70] Moreover, if one pure material 348 spectrum does not contribute well to the mixture spectrum, it leads to an incorrect adjustment (see 349 supplementary data S1), or appears negatively which means it has been rejected by the software (see We were thus able to characterize -for two objects -the whole composition of some painting 
